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Abstract: Wound dehiscence is the most frequent complication after ridge augmentation and causes
postoperative infection, inadequate bone healing, or graft failure. In the oral cavity, conservative
treatment for dehiscence is difficult to maintain until secondary healing occurs because of its normal
flora, dynamic masticatory muscle movement, and humid environment. This paper reports an
effective conservative method using an oral wound dressing material with an omnivec splint and
presents three wound dehiscence cases: (1) autogenous tooth bone graft material with a collagen
membrane, with dehiscence occurring at postoperative 5 days. (2) Autogenous bone graft covering
titanium mesh, with dehiscence occurring at postoperative three weeks. The mesh was removed after
10 weeks with histologic analysis. (3) Autogenous bone and autogenous tooth bone graft covering
a titanium mesh, with dehiscence occurring at postoperative 1 week. The exposed titanium mesh
was maintained for 6 months after the graft. All cases achieved secondary healing and acceptable
outcomes for a dental implant by conservative treatment without infection after the dehiscence after
ridge augmentation.
Keywords: alveolar ridge augmentation; bone regeneration; complications; conservative treatment;
surgical wound dehiscence; titanium
1. Introduction
The reconstruction of severe atrophy or defects on the alveolar bone resulting from a
pathologic lesion is a clinically challenging indication for ridge augmentation [1]. High
osteogenic potency bone substrates have been used for the severe defects, such as autoge-
nous bone and demineralized dentin matrix with rhBMP-2 (Auto-DDM/rhBMP-2, Korea
Tooth Bank, Korea) [2,3]. The common complication of the ridge augmentation is wound
dehiscence, which is caused mainly by a lack of soft tissue and tension of the flap [1,4]. The
exposed grafts could be contaminated, leading to infection and the loss of grafted bone [4].
On the other hand, the earlier intervention, such as membrane removal or re-suture, can
adversely affect graft stability [5]. For sufficient bone healing, graft stability should be
secured during the vascularization and remodeling period.
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Several dressing materials have been developed for the oral cavity, which is an un-
favorable condition, including humidity, normal flora, dynamic muscle movement, and
divided into the three categories: (1) zinc oxide and eugenol, (2) zinc oxide without eugenol,
and (3) neither zinc oxide nor eugenol [6]. An effective dressing should have a short set-
ting time, antibacterial ability, and high adhesion and retention properties. With eugenol,
however, the dressing material can cause tissue inflammation and allergic reactions [7].
Zinc oxide without eugenol has been used widely as a periodontal dressing owing to
its high mechanical strength and retention property. On the other hand, the mechanical
property prevents application by the patient and maintenance oral hygiene from plaque
accumulation. To overcome these disadvantages, neither zinc oxide nor eugenol was de-
veloped as an attachable band-type dressing material with enhanced availability, and is
composed of mainly with ethyl cellulose and two surfaces: adhesion surface (tocopherol
acetate, Carbomer 940 and hydroxyethyl cellulose) toward the gingiva, and protective
surface (ethyl cellulose and castor oil) with a film form. On the other hand, its repetitive
application on the exact surgical area to block bacterial invasion is difficult for the patients
to perform themselves.
An ideal conservative treatment has not been established to maintain proper oral
hygiene and allow secondary healing on the wound dehiscence after ridge augmentation.
This case series suggests an effective conservative method using an oral wound dressing
material with an omnivec splint and presents three cases for the wound dehiscence after
ridge augmentation.
2. Materials and Methods
The case series was approved and granted an exemption in writing by the Institu-
tional Review Board at Armed Forces Capital Hospital (No. AFCH-20-IRB-041). Table 1 lists
the cases.
Table 1. Summary of the wound dehiscence cases with conservative treatment.













1. Orascar with omnivac splint for two weeks








1. Orascar with omnivac splint for 3 weeks
2. Mesh removal and implant placement at 6
months after the surgery
DDM/rhBMP-2: Demineralized dentin matrix incorporated with rhBMP-2, Korea Tooth Bank, Korea; Ossguide: Collagen membrane,
Osstem, Korea; Orascar: Attachable band-type dressing material consisted of Zinc oxide without eugenol, TBM, Korea; Retro Ti-matrix:
Titanium mesh, Seum Medi, Korea.
Technical Report
This conservative protocol was initiated at right after wound dehiscence subsequent
to a bone graft surgery. (1) The dehiscence was covered with a cast model made from
pre-made band-type dressing material (Orascar, 0.7 mm thickness, TBM, Gwangju, Korea).
(Figure 1A,B) (2) A cast was made from the impression with the dressing application.
(3) Omnivac splint (ø 0.5 mm) was fabricated from the cast (Figure 1C) (4) The dressing
could be positioned appropriately on the omnivac splint by the patient (Figure 1D) and
applied accurately to the dehiscence area with the splint. (Figure 1E) (5) After 5–10 min,
the dressing was well maintained with adhesion to the gingiva even without the splint.
(Figure 1F) The patient was instructed to add the dressing at least once a day before
breakfast and to maintain oral hygiene.
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surgery, wound dehiscence occurred on the palatal side. (Figure 2F) Using the 
abovementioned method (Figure 1), conservative treatment was performed by the 
patient.  
Figure 1. Conservative treatment method for wound dehiscence. (A,B). (A) cast model was made by covering the band-type
dressing material. (C) An omnivec splint was fabricated from the impression with the dressing application (red dot squire).
(D,E) The dressing could be applied accurately with the splint. (F) The dressing was well maintained with adhesion to the
gingiva after 5–10 min of application.
3. A Case Series
3.1. Case #1. Wound Dehiscence after an Autogenous Tooth Bone Graft with a Collagen Membrane
A 42-year-old male with a fracture of the left first maxillary molar underwent ex-
traction surgery (Figure 2A,B). The extracted tooth was made as a demineralized dentin
matrix incorporated with rhBMP-2 (DDM/rhBMP-2, Korea Tooth Bank, Korea) [8]. Af-
ter four weeks of extraction to achieve soft tissue healing, the implant (Osstem, Korea)
was placed, and a bone graft was performed simultaneously with DDM/rhBMP-2 on the
maxillary sinus and guided bone regeneration (GBR) covering the collagen membrane
(Ossguide, Osstem, Korea) on the palatal defect of the implant. (Figure 2C,D) Primary
closure was achieved after a releasing incision. (Figure 2E) Five days after the surgery,
wound dehiscence occurred on the palatal side. (Figure 2F) Using the abovementioned
method (Figure 1), conservative treatment was performed by the patient.
Four weeks after surgery, secondary healing was observed without exposed the grafts
(Figure 3A), and conservative treatment was stopped. The wound showed a remodeling
process at 3 months after surgery. (Figure 3B) At 6 months after surgery, the prosthetic
process was performed without complications. (Figure 3C) Bony remodeling with cortico-
cancellous complex was achieved at 12 months after surgery (Figure 3D).
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Pre-operative radiograph on a left maxillary first molar area with insufficient residual bone for dental implant. (C). 
Implant was placed with a palatal defect. (D) Bone graft was performed with DDM/rhBMP-2. (E) Primary closure was 
achieved. (F) Wound dehiscence occurred five days after surgery. 
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Figure 2. Wound dehiscence after an autogenous tooth bone graft with the collagen membrane of case #1. (A,B) Pre-
operative radiograph on a left maxillary first molar area with insufficient residual bone for dental implant. (C) Implant
was placed with a palatal defec . (D) Bone graft was performed with DDM/rhBMP-2. (E) Primary closure was achieved.
(F) Wound dehiscence occurred five days aft r surgery.
3.2. Case #2. Wound Dehiscence after an Autogenous Bone Graft with a Titanium Mesh and
His ology Analysis with Mesh Removal at 10 Weeks Postoperatively
A 42-year–old male heavy smoker (two packs a day) lacked residual bone on the left
maxillary first and second molars with maxillary sinusitis. (Figure 4A) Under general
anesthesia, the extraction of hopeless teeth and bone graft were performed simultaneously
to close the oroantral fistula on the left maxilla using an autogenous mandibular ramus
graft with a macroporous titanium mesh (Retro Ti-matrix, Seum Medi, Korea). (Figure 4B)
At postoperative 3 weeks, wound dehiscence was observed with exposed titanium mesh.
(Figure 4C) Using the abovementioned method (Figure 1), conservative treatment was
performed with a partial omnivac splint (Figure 4D), and the dressing material showed
intimate adhesion while filling up the dehiscence defect. (Figure 4E) At 2 weeks after the
conservative treatment, secondary healing was observed under the mesh. (Figure 4F).
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Figure 3. Clinical outcomes of the conservative treatment on case #1. (A) After 3 w eks of the
conservative treatment, secondary healing was observed in the dehiscence area. (B) At 3 onths
after the surgery, the soft tissue showed a remodeled-healing pattern. (C) At 6 months after the graft,
the palatal gingiva was well-remodeled. (D) The palatal bone showed a cortico-cancellous complex
at 12 months after the surgery.
With consideration to his smoking habit, the mesh was removed at 10 weeks after
graft surgery. The bone fragments detached from the recipient site were collected during
mesh removal. The histology was analyzed from the patient who consented to u dergo a
biopsy, mic oscopic xamination of biopsied tissue was performed by pathologist. After
d calcification and fixati , the sam les wer sectio ed at a thickness of 5–8 µm, using a
microtome. The slides were stained with hem t xylin and eosin (H&E). Histology revealed
the grafted bone tissue showing some osteobla t inside the matrix (Figure 5A, a row), and
no evidence of bacterial colonization, nd chronic inflammatory cells infiltration to the
fibrotic stroma. (Figure 5B,C) During 12 months after the graft, dental rehabilitation was
performed on the other site, and proper bone healing of the left maxilla was achieved
12 months after surgery (Figure 5D).
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Figure 4. Wound dehiscence after an autogenous tooth bone graft with a titanium mesh of case #2. (A) Pre-operative
radiograph on the left maxillary molars showed a large defect with an oroantral fistula. (B) A bone graft was performed
with autogenous ra us bone covering a titanium esh on the left maxilla. (C) At 3 weeks after surgery, wound dehiscence
occurred with an xposed titanium mesh ( rrow). (D) A pa tial omnivac splint was fabri ated from the impression with the
dressing applica ion (red dot squire). (E) Th dressing material showed intimate adhesion on the dehisc nce. (F) Secondary
healing was observed under the mesh at two weeks after conservative treatment.
3.3. Case #3. Wound Dehiscence after Bone Graft Mixed with Autogenous Bone and Autogenous
Tooth Bone Graft
A 24-year-old male patient had a periapical lesion on the left maxillary first and
second premolars and a fractured left maxillary first molar. (Figure 6A) After extracting
the hopeless teeth, DDM/rhBMP-2 (Korea Tooth Bank, Korea) was fabricated [8]. At
4 weeks after the extraction, a bone graft was performed on maxillary sinus and ridge
augmentation using a titanium mesh Retro Ti-matrix (Seum Medi, Korea) on DDM/rhBMP-
2 and autogenous ramus bone grafts. (Figure 6B) Primary closure was achieved with
tension-free flap management. (Figure 6C,D) At 1 week postoperatively, the distal part of
the flap exhibited a necrotic aspect during partial removal of the suture (Figure 6E), and
conservative treatment was attempted as mentioned above (Figure 1). Secondary healing
was achieved, and the conservative treatment was stopped after 3 weeks of conservative
treatment. (Figure 6F).
Appl. Sci. 2021, 11, 6115 7 of 10
Appl. Sci. 2021, 11, x FOR PEER REVIEW 7 of 11 
 
 
Figure 5. Histological and clinical outcomes of conservative treatment on case #2 at 10 weeks after 
graft surgery. (A–C). Histological findings of the bone fragments. (A) Some osteoblasts were 
showed inside the grafted bone matrix. (Arrow) (B) No evidence of bacterial invasion was showed 
on the grafted bone fragments with a lamella pattern and empty lacunae. (C) There was only 
chronic inflammatory cells without evidence of bacterial invasion. (D) At 12 months after the graft, 
the dehiscence area showed proper bone healing without graft failure. 
3.3. Case #3. Wound Dehiscence after Bone Graft Mixed with Autogenous Bone and Autogenous 
Tooth Bone Graft 
A 24-year-old male patient had a periapical lesion on the left maxillary first and 
second premolars and a fractured left maxillary first molar. (Figure 6A) After extracting 
the hopeless teeth, DDM/rhBMP-2 (Korea Tooth Bank, Korea) was fabricated [8]. At 4 
weeks after the extraction, a bone graft was performed on maxillary sinus and ridge 
augmentation using a titanium mesh Retro Ti-matrix (Seum Medi, Korea) on 
DDM/rhBMP-2 and autogenous ramus bone grafts. (Figure 6B) Primary closure was 
achieved with tension-free flap management. (Figure 6C,D) At 1 week postoperatively, 
the distal part of the flap exhibited a necrotic aspect during partial removal of the suture 
(Figure 6E), and conservative treatment was attempted as mentioned above (Figure 1). 
Secondary healing was achieved, and the conservative treatment was stopped after 3 
weeks of conservative treatment. (Figure 6F) 
r ft surgery. (A–C). Histol gical findi gs of the bone fragments. (A) Some osteoblasts were sho ed
inside the grafted bone matrix. (Arrow) (B) No evidence of bacterial invasion was showed on the
grafted bone fragments with a lamella pattern and empty lacunae. (C) There was only chronic
inflammatory cells without evidence of bacterial invasion. (D) At 12 months after the graft, the
dehiscence area showed proper bone healing without graft failure.
At 6 months after the graft, the implants were placed with titanium mesh. (Figure 7)
Healed gingiva was observed with the exposed titanium mesh. (Figure 7A) On the dehis-
cence area, soft tissue was located under the titanium mesh dehiscence are (Figure 7B)
and was connected to the buccal gingival (Figure 7C). On the other hand, acc ptable bo e
healing was achieved, sufficient to secu the primary stability of the implant (ø 6.0 mm,
D ntium, Korea) (Figure 7D,E).
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4. Discussion
The authors suggested a conservative method that allows patients to manage hygiene
on their own. This method combines the advantages of the previous dressing materials,
and dressing material can be applied easily with an accurate position. Orascar showed
a sealing effect by adhesion with the gingiva after a few minutes of application. The
dehiscence of these three patients was acceptable, and secondary healing was achieved
without complications, such as bacterial infection and graft failure, within four weeks of
the wound dehiscence occurrence.
Wound dehiscence can critically affect the bone graft results associated with exposed
bone substitutes and membrane. In particular, the porosity of the titanium mesh can allow
contamination with oral bacteria if the mesh is exposed after graft surgery. Therefore,
exposure of the titanium mesh is a complication with a high risk of bacterial infection [1,9].
Regarding case #3, secondary healing was achieved with the exposed titanium mesh using
Orascar with an omnivac splint. The buccal gingiva grew into the dehiscence area under
the titanium mesh. The quality of the bone graft was acceptable for a dental implant that
did not require additional graft surgery.
Regarding the bone graft results, the timing of exposure is a crucial factor. Many
studies reported that premature exposure (within 4 weeks after the graft) significantly
affected bone healing, including total graft failure, infection, and inevitable additional graft
surgery [10,11]. In these case reports, the dehiscence occurred within 3 weeks (Table 1).
On the other hand, all cases achieved secondary healing without complications, such as
infection, graft failure, and poor oral hygiene. Although some bony fragments on the dehis-
cence area of case #2 showed insufficient integration with bone healing at postoperative 10
weeks, histology revealed a chronic fibrosis aspect without bacterial invasion through this
conservative treatment. In addition, the other remained bone grafts had well-integrated
and healed during 12 months after the bone graft. (Figure 5D).
Zinc oxide without eugenol (COE-PAK®, Coe Laboratories Inc., Chicago, IL, USA)
is one of the most famous oral dressing materials, and has high stability and fixation on
the oral mucosa, but it is difficult for the patient to reattach the dressing and manage
oral hygiene while maintaining the dressing. Neither zinc oxide nor eugenol (Orascar®,
TBM, Gwangju, Korea), used in this case series, was easy to manage because it could
form an adhesive film in response to the saliva. In addition, its main composition of ethyl
cellulose is widely used to prepare pharmaceutical dosage forms, which is non-toxic, stable,
compressible and inert polymer [12]. To be available for the dehiscence on the bone graft,
however, it should be applied to the appropriate position to be sealed and protected from
oral bacteria. Therefore, the omnivac splint with an engraved Orascar was used as a guide
to the exact position by the patient. Through this technique, the patient could maintain
their oral hygiene and reported no discomfort for food intake.
The bone substitutes of autogenous bone and DDM/rhBMP-2, used in this research,
were the graft material, which might induce secondary healing and resist infection [13].
Therefore, it is unclear if the validation of this conservative treatment will be effective
for other bone substitutes without osteoinductivity, such as alloplastic and xenografts.
Although this method could prevent infection and allow secondary healing, the amount
of bone healing was insufficient. Further research will be needed to develop a dressing
material that contains a growth factor to promote soft and hard tissue regeneration.
5. Conclusions
Although oral dressing materials have developed as attachable property, self-manage
with the dressing material is still difficult by patient himself. This conservative treatment,
using the attachable dressing material, allowed the patient to maintain their oral hygiene
using an omnivec splint. Moreover, this protocol can achieve the secondary healing
without infection on the wound dehiscence after ridge augmentation with osteoinductive
bone substitutes.
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